. The bacteria were grown for 3-5 days at 300 in 0-05S potassium phosphate buffered medium (pH 6.8), 1 1. of which contained 5 0 g. of glycerol, 5 0 g. of Difco yeast extract and added vitamins (1.0 mg. of calcium pantothenate, 1.0 mg. of thiamine hydrochloride, 0.01 mg. of biotin). For use in experiments they were transferred through 10 and 75 ml. of the glycerol medium and then cultivated in 21. conical flasks containing 1-5 1. of medium. The flasks were plugged with cotton wool. The cells were harvested by centrifuging and washed twice with 10 vol. of distilled water. The yields (wet wt.) were about 4g. of Pr. arabinosum and 1 g. of Pr. shermanii/l. of medium.
Preparation of cell-free extract8. The wet cells were suspended in 1.5-5 times their weight of ice-cold 0.04-0-1m potassium phosphate buffer, pH 7-0. Batches (20-25 ml.) of the suspensions were treated for 1.5-2 hr. in a Raytheon 9 kc./sec. sonic disintegrator. The temperature of the suspension was maintained at 0-1°by placing the cup assembly in a cold room at 2-3' and circulating ice water through the cooling chamber at the rate of 1-8 1./min. The extracts were clarified by centrifuging for 0.5 hr. at 20 000 g in a refrigerated centrifuge operating at -4°. The brown supernatant solutions were quite clear but showed a pronounced Tyndall effect. When the original suspension contained sufficient phosphate buffer the pH of the extracts was 6*5-6*9. Extracts which were frozen and stored at -40°retained their activity for 8 weeks. There was about 50 % loss of activity when they were freeze-dried.
Materials. [1-14C] H. G. WOOD, R. G. KULKA AND N. L. EDSON utilization of C02 was measured by determining the bound C00 at zero time, the C02 liberated during fermentation, and the bound C00 at the end of the experiment. There was a large evolution of gas from NaHCO3 when H,SO4 was tipped into the vessels, which were not shaken until most of the bound C02 had been liberated. When 14C in the C02 was to be measured, the vessel was removed after the manometric determination of bound CO., and alkali was added quickly to the centre well and the vessel was closed again in order to collect a sample of the C02.
Glucose was determined colorimetrically by the methods of Somogyi (1945) and Nelson (1944). 18solion of the product of fermenttion. The acidified fermentation mixture was centrifuged and the protein precipitate washed with water. The combined supernatant and washings were extracted continuously with diethyl ether for 2 days. The water-ether mixture in the extraction flask was titrated with NaOH and then evaporated to dryness. The acids were separated on a Celite column (Swim & Krampitz, 1954) . The succinic acid fraction was oxidized with acid permanganate to remove any lactic acid that might have been present, and re-extracted with ether and then sublimed at 1150 under vacuum. The volatileacid fractions were distilled in steam and titrated. Carrier acids were added when this was found to be necessary, on the basis of the titrations.
Degradations. Acetic and propionic acids were degraded by the Schmidt reaction (Phares, 1951) . Formate was oxidized with mercuric oxide (Osburn, Wood & Werkman, 1933 by cell-free extracts of Propionibacterium Warburg vessels contained 1-60 ml. of medium, pH 6-9; gas, C02; temp. 300. Final concentrations of constituents in the fermentation mixtures were: 0-05M glucose, 00O1M HDP, 0-02m pyruvate, 0-001m ATP, 0-0005M DPN, 0*12M-NaHCO3.
The bacterial extract was added from the side bulb and readings began after 10 min. The extract in each vessel represented 0-16 g. of Pr. arabinosum and 0-13 g. of Pr. shermanii (both wet wt.). Vessels contained ATP and DPN unless omission is indicated.
,l. of C00 evolved/hr.* Time interval (hr.). ...
Pr. shermanii (52W) With Pr. 8hermanii the sum of the activities in the first hour on the individual substrates (glucose, pyruvate or HDP) was almost equal to the activity on the combination of the three. In the presence of single substrates the extract of Pr. arabino8um acted only on HDP, and no combination of two substrates gave as much fermentation as the three combined. When the concentrations of ATP and HDP were double those in Table 1 (no. 7), a higher rate of activity was maintained for a longer time. If more ATP was added to no. 7 when the fermentation rate had fallen to a low value, the activity increased again. Thus it seems probable that one function of the HDP is to maintain a supply of ATP, the concentration of which limits the fermentation. Pyruvate may serve as a hydrogen acceptor: it is still present when the reaction stops (positive nitroprusside test) and doubling the amount of glucose does not increase the yield of C02 .
The extract of Pr. 8hermawnii is remarkable in bringing about a net uptake of C02 when glucose is fermented. A net uptake of C02 in the propionic acid fermentation has been obtained before only with polypls such as glycerol, erythritol, ribitol or mannitol (Wood & Leaver, 1953; Wood & Werkman, 1940 was mixed with the same constituents except HDP, pyruvate and DPN, which were omitted. To determine the initial bound C0O control vessels were set up with one-quarter the amount of the constituents, and the bacterial extract and H2S04 were tipped simultaneously. The organic acids in the ether extracts from these control vessels were determined. The values ( x 4) for the organic acids in the control vessels were 0.069 m-mole of propionate and 0 043 m-mole of succinate for Pr. 8hermanii extract, and 0-044 m-mole of propionate and 0.011 m-mole of succinate for Pr. arabinosum extract. Formate and acetate values were not obtained. No correction has been made for the acids initially present in the extracts. Pr. 8hermanii: recovery of carbon in the products from the fermented glucose (1.27 m-moles) is 72 %; oxidation/reduction = 1-28; added radioactivity accounted for, 90%; C02 liberated during fermentation (equivalent of acid formation less C02 fixed), 2-64 m-moles. Pr. arabinosum: added radioactivity accounted for, 85%; C02 liberated during fermentation (equivalent of acid formation plus C02 produced), 1-58 m-moles. Table 2 . The yield of products per 100 m-moles of fermented glucose has been calculated for the Pr. 8hermanii fermentation in order to present the data in a form comparable with that of previous experiments. Recovery of the carbon of the fermented glucose was only 72 % and the oxidation/reduction balance was 1-28. Probably some product other than those determined was formed by the extract. The unfermented glucose (0-33 m-mole) was equivalent to 13 300 counts/ min., but 26 500 counts/min. were found in the residue from ether extraction. The identity of this unknown product is being investigated. The most noteworthy point regarding the yield of products is the very large quantity of succinate (66.9 m-moles/ 100 m-moles of glucose), which is much greater than the amount (15 m-moles/100 m-moles of glucose) found by Wood & Werkman (1936) with proliferating cells of Pr. shermanii. The high yield of succinate in the enzymic fermentation accompanies the net utilization of C02 (12-2 m-moles/ 100 m-moles of glucose). A similar relationship was observed previously in glycerol fermentations (Wood & Werkman, 1938) . It is to be noted also that 9 8 % of the added 14C was converted into C02, showing that the enzyme system, like the intact cells, converts C-1 of glucose into C02.
The extract of Pr. arabino8um converted much less of the 14C of glucose into propionate, acetate, succinate and C00 than the extract of Pr. 8hermanii (13.0 % compared with 48-6 %). Apparently a considerable portion of the products arose from HDP and pyruvate, and much of the glucose carbon remained in the residue after ether extraction (72 % of the 14C), possibly as phosphate esters.
The distribution of 14C in the products is shown in Table 3 , in which data obtained by Wood et al. (1955) between experiments with extracts and intact cells must take cognizance of the differences in experimental conditions. In the experiment with extracts the gaseous phase was C02, whereas with cells it was nitrogen and the C02 formed from glucose was absorbed in alkali. Thus the 14C in the C02. arising from glucose was greatly diluted by 12CO2 in the extracts, and the specific activity was low. This in turn caused a decrease in the specific activity in the carboxyl groups of the propionate and succinate since C02 fixation introduced carbon with low radioactivity. If this difference in the experiments is taken into account, the results with the extracts and the intact cells are quite similar. The radioactivity in the products formed by the Pr. arabinosum extract was diluted further by metabolites arising from HDP and pyruvate.
Formate showed considerable radioactivity in the experiment with Pr. shermanii extract.
Formate is not usually a product in the propionic acid fermentation, but Wood & Leaver (1953) have noticed its formation, especially from polyols.
Fermentation of pyruvate and fixation of C02
Fermentation of pyruvate in the presence of radioactive bicarbonate was conducted with an extract of Pr. shermanii to determine the products and the extent of C02 fixation (Table 4 ). An odour of diacetyl was noticed and for this reason diacetyl and acetoin were determined together in a portion of the extract by oxidation with ferric chloride, distillation and estimation of the resulting diacetyl (Westerfield, 1945) . Usually acetoin and diacetyl are not formed by the propionic acid bacteria, but The fermentation was carried out in a 200 ml. Warburg vessel containing 8 ml. of reaction mixture with the bacterial extract in one side bulb and H5804 in the other: a considerable amount was produced with the extract. The other products were propionate, acetate, succinate and C02. The C02 production was quite substantial in contrast to the net uptake of C02 which occurs in the presence of glucose (Table 2) . Nevertheless, there was a large fixation of C02 since the propionate contained 14 300 counts/min./m-mole as compared to the C02 which had 24200 counts/min./m-mole at the termination of the experiment. Although the propionate was not degraded it is reasonably certain that all the activity was in the carboxyl group (Wood & Leaver, 1953) . This means that about half the carboxyl groups of the propionate must have originated from C02.
DISCUSSION
The results demonstrate that it. is possible to extract from Pr. shermanii (52W) a soluble-enzyme system, which contains all the enzymes necessary for conversion of glucose orpyruvate into propionate, succinate, acetate and carbon dioxide, and for the production of carbon dioxide from C-1 of glucose. The remarkably widespread distribution of 14C into all the carbon atoms of the products formed by this enzyme system during the fermentation of [1-14C] glucose is comparable with that observed in the intact cells. The preparation contains a very active system for the fixation of carbon dioxide and for the production of succinate. For this reason it appears to be very suitable for a study of the complete propionic acid fermentation.
Although the extract of Pr. arabinosum (34W) has many similar properties, it is inactive with glucose as the sole substrate and demands, in addition, HDP and pyruvate. It appears to contain enzymes destroying the ATP that is needed in the fermentation; and it may also lack some enzymes required for glucose breakdown.
The formation of diacetyl is interesting because the propionic acid fermentation is not known to involve acetaldehyde. Since Gitter, Blank & Bergmann (1953a) showed that acetamide protected white rats against fluoroacetate poisoning when given simultaneously or up to 24 hr. before the dose of fluoroacetate. Acetamide did not protect when given 30 min. or more after the administration of fluoroacetate, even before the convulsions had started.
The protective results obtained suggested that acetamide might belong to those two-carbon sub.
stances, which, according to Peters (1952a) , penetrate into the mitochondria and are consequently able to interfere with the formation of the fluorotricarboxylic acid. The influence of acetamide on the accumulation of citrate after the administration of fluoroacetate has been studied. The effects of monoacetin (Chenoweth et al. 1951 ), propionamide and butyramide on citrate accumulation were also tested. A related problem was the low toxicity which we had observed for fluoroacetamide (Gitter, Blank & Bergmann, 1953 b) , and the effect of this substance on citrate accumulation has also been examined.
EXPERIMENTAL Materials
Acetamide. Acetamide (B.D.H.) was recrystallized and an aqueous solution neutralized by addition of 0-1N-NaOH. The neutralized solution, containing 250mg. of acetamide/ml., was injected subcutaneously to rat in doses of 125 mg./100 g. body wt.
Sodium fluoroacetate. This was prepared in aqueous solutions of 5 and 10 mg./ml.; 0.1 ml./100 g. body wt. was injected intraperitoneally.
Monoacetin. This was given undiluted by subcutaneous or intraperitoneal injection in a dose of 0-5 ml./100 g.
Propionamide and butyramide (a mixture of equal quantities of n-and iso-butyramide). These were injected in a similar manner and dosage as for acetamide (125 mg./ 100 g. body wt.).
White male rats, weighing 120-240 g., and female guinea pigs were used. The animals were killed by decapitation, 
